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Electroencephalographic and radionuclide studies in dialysis de-
mentia. Six maintenance hemodialysis patients with dialysis de-
mentia (severe mental deterioration, speech disturbances, apraxia,
facial grimacing, and myoclonus) were studied. They were
matched with respect to age, duration of dialysis, and underlying
renal disease with six patients who had no dementia and who acted
as controls for the electroencephalographic (EEG) studies. The
dementia patients had marked slowing of the EEG rhythm to 5—7
Hz with high voltage biphasic or triphasic spikes, and were clearly
separated by frequency distribution analysis from the controls.
Radio-iodinated serum albumin (RISA) cisternography in demen-
tia patients demonstrated ventricular refiux, prolonged stasis, late
appearance of the parasagittal strip, and persistence of RISA for
up to 72—96 hr, which suggest an alteration in cerebrospinal fluid
(CSF) dynamics.
Etude électroencéphalographique et radioisotopique dans Ia
démence de Ia dialyse. Six malades soumis a l'hémodialyse pério-
dique et atteints de démence de la dialyse (détérioration mentale
sévère, désordre du langage, apraxie, myoclonies et grimaces
faciales) ont été étudiés. ils ont été compares, en ce qui conceme
l'age, Ia durée de Ia dialyse et Ia maladie rénale sous-jacente, a six
malades indemnes de démence et qui ont servi de contrôles pour
les etudes électroencéphalographiques (EEG). Les malades dé-
ments ont un ralentissement important du rythme de l'EEG de 5 a
7 Hz avec des spikes de voltage élevé biphasiques ou diphasiques,
et sont nettement separés des contrôles par l'analyse de distribu-
tion de fréquence. La cisternographie au moyen de serum albu-
mine radio-iodée (RISA) montre, chez les malades atteints de
démence, un reflux ventriculaire, une stase prolongée, une appari-
tion tardive de la bande parasagittale et la persistance de RISA
jusqu'à 72—96 hr, ce qui suggère une modification de Ia dynamique
du liquide céphalo-rachidien (CSF).
Since the earlier description of progressive mental
deterioration in dialysis patients [1—31, the aware-
ness and reported incidence of this syndrome has
increased [4—7], but the cause remains unknown.
Etiological considerations include inadequate dialy-
sis [6], recurrent hypotension or hypoglycemia [81,
depletion of vitamins and amino acids [9—11], accu-
mulation of heavy metals and aluminum [12—14],
phosphate depletion by binding gels [151, unknown
toxins from non-deionized water [16], recurrent os-
motic injury, drug idiosyncrasy [171, seizure disor-
der responsive to diazepam [181, hypercalcemia and
secondary hyperparathyroidism [19], or slow virus
infection of the central nervous system [4, 14]. Cur-
rent evidence, however, does not support any of
these theories, and since the gross and microscopic
examination of brain tissue has shown only minimal
abnormalities [1, 4, 5, 14], we have directed our
attention to the detailed analysis of EEGs and flow
dynamics of the cerebrospinal fluid.
Methods
Six maintenance dialysis patients developed
dialysis dementia syndrome between November
1973 and November 1974. All patients were black.
Their ages ranged from 34 to 62 yr, and the duration
of dialysis ranged from 13 to 51 months. Renal failure
was the result of essential hypertensive nephroscle-
rosis, malignant in four and benign in two. Three
patients had a bilateral nephrectomy for hyperten-
sion; in the others hypertension was controlled with
drugs. One patient had a subtotal parathyroidectomy
for renal osteodystrophy. Two patients had strokes
at three and seven years before the onset of renal
failure, with complete recovery in one patient and
residual visual field defect in another. Two patients
had early peripheral neuropathy. Apart from these
findings, the neurological status of the patients was
normal at the beginning of chronic hemodialysis. The
control group consisted of six patients who were
dialyzed concurrently and matched with respect to
age (± 2 yr), duration of dialysis (± 2 months), under-
lying renal disease (2 malignant and 4 benign hyper-
tensives), and predialysis biochemical findings (mean
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BUN, 80 mg; creatinine, 10 mg; phosphorus, 6 mg;
and calcium, 10 mg per 100 ml of serum).
All patients were dialyzed for 18 m2 hr/week with
coil or hollow fiber dialyzers, commercial concen-
trate, and non-deionized water. The calcium level
was adjusted to 6 mg/100 ml with calcium chloride.
All patients received aluminum hydroxide, iron, vita-
mins, and antihypertensive drugs; one patient
received diazepam for control of anxiety.
EEGs were recorded in the basal state and alter
photic stimulation with a Grass 16-channel electro-
encephalograph and 21 silver disc electrodes applied
to the scalp with electrolyte conducting paste in the
10/20 international position, at a paper speed of 30
mm/sec. At least two or three serial records were
obtained on each dementia patient; and some pa-
tients had records taken before and after hemodialy-
sis to assess the effects of dialysis on the EEG. The
records were rated on a four point scale as normal,
mildly, moderately, and severely abnormal, without
knowledge of which patients had mental
deterioration.
Frequency analysis of several minutes of artifact-
free records for each patient was done by manual
counting [20—21], a tape recorder and computer not
being available at the time of study. Dominant fre-
quencies for each 10-second intervals were counted,
and frequency distributions were drawn.
Technetium 99m brain scans and simultaneous
flow studies were performed on all dementia pa-
tients. Pneumoencephalograms were performed on
four patients. Cisternography was done by the
method of DiChiro, Reames, and Matthews [22],
using iodine 131 tagged with human serum albumin
(Squibb) injected into the lumbar subarachnoid space
alter recording the pressure and collecting samples
for biochemical analysis. Lateral and anterior scans
were obtained with a Picker Nuder Magnascanner at
the end of two hours and were repeated every 24 hr
until the radioactive pharmaceutical appeared to exit
from the subarachnoid space. The invasive proce-
dures (i.e., brain scans, pneumoencephalograms,
and cisternograms) were not carried out in the con-
trol group, so that the findings were interpreted in
relation to known normal results.
Results
Clinical features. The earliest changes were poor
judgement and disorientation in time and place, and
in several instances the change in attitude led to
problems of maladjustment in the home. In the later
stages patients became incoherent and uncommum-
cative, lost contact with the outside world, had to be
fed, and led a vegetative existence until death.
Despite progressive mental deterioration, the
patients walked with only a mild disturbance of the
gait; and sensory functions remained intact until late
in the dementia, when the responses were no longer
interpretable. The patients' faces were expression-
less, except for a grimacing and twitching of the
facial muscles which caused speech difficulties.
Motor power was preserved, but apraxia became so
profound that it confined the patients to wheel chairs
or beds. Myoclonic jerks first appeared in isolated
muscle groups and later became generalized and syn-
chronous. The reflexes were inconsistent, brisk at
times, occasionally with non-persistent clonus.
There were no signs of meningeal irritation or raised
intracranial pressure. The cerebrospinal fluid was
clear, acellular, and at normal pressure. Protein con-
centration was 80 mg/lOO ml in two patients and
normal in the others; glucose and electrolyte concen-
trations were normal; bacterial and fungal cultures
were sterile.
Roentgenologic studies. Roentgenograms of the
skull showed intact calvariae, midline pineals, and
normal sellae turcicae. One patient had hyperostosis
frontalis interna and another had a calcified density
(scleroma) in the left frontal sinus. There were no
other abnormal calcifications or rarifications.
Pneumoencephalograms were done in four patients
after preliminary sedation. After injection, the air
entered the basal cisterns and the ventricles. All four
ventricles were mildly dilated, and there was escape
of air over the cerebral convexities. The width of the
sulci in three out of four patients was normal. One
patient had a cortical air pattern, but the brain at
autopsy did not demonstrate atrophy. The callosal
angle was more than 120 degrees in all patients, and
the third ventricle was not widened. Pneumoence-
phalography appeared to hasten the clinical deterio-
ration in the first four patients, and was not per-
formed in the remaining two.
EEG studies. Four control patients had EEG rec-
ords within normal limits for their age groups, with
dominant alpha frequencies from 8 to 9 Hz, average
amplitude, and no significant left or right hemisphere
differences. Two patients showed mild to moderate
slowing in the background rhythms; one had exces-
sive theta waves in the 5 to 6 Hz range, of median
amplitude, distributed on all areas of the scalp; the
other patient had low voltage bilateral theta wave
activity in the temporal region, with no spread to
adjacent areas. There were no significant sharp
waves or focal spikes, and no evidence of focal brain
damage. The EEG record was somewhat slower than
normal, by one or two Hz, and resembled that of
patients with non-neurologic disease.
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The dialysis dementia patients by contrast had
severe abnormalities with predominant slowing of
background rhythms, these changes usually pre-
ceded other clinical manifestations. Only one patient
had any frequencies in the 7-Hz range, while two had
predominant frequency of two or three Hz. Frequen-
cy distribution analysis (Fig. 1) (the percentage dis-
tribution of the amount of record devoted to various
frequencies based on a total percentage of 100) indi-
cated total separation of the two groups, so that no
statistical test of significance was necessary.
Serial studies indicated that the onset of the dis-
ease was characterized by occasional bursts of the
waves in the delta or theta range, lasting for one or
two seconds, at a frequency of about 3 to 5 Hz, and
of average to high amplitude. Intermixed with these
findings were long periods of 'a normal appearing
record, with characteristic alpha frequency in the 8-
to 10-Hz range. Later, the background rhythms pro-
gressively decreased to two to four Hz, while the
slow burst activity increased in duration and ampli-
tude. Slow symmetrical bursts of high amplitude
were evident in the frontal regions and diminished
from the central to the parietal areas. In the later
stages, sharp spikes, usually bifrontal but occasional-
ly lateralized, were embedded in the slow waves.
They did not relate to seizure discharges and did not
become paroxysmal or repetitive. In the final stages,
the record was very slow in the theta range, with
total drop out of normal activity. At last, the slow
wave activity became the dominant frequency for the
entire record, and death ensued after a completely
high amplitude delta record. Figure 2 shows a patient
who exhibited generalized slow bursts and spikes in
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Fig. 1. Electroencephalographic frequency distribution analysis in
12 patients on chronic hemodialysis showing clear separation
between dialysis dementia patients ( ) (N = 6) and controls
-
- -) (N 6).
the anterior portions of the brain. The spikes were
biphasic or triphasic, as commonly seen in severe
metabolic disorders such as hepatic coma or uremia.
Some patients had sudden shifts from low voltage
background activity to high voltage slow and spike
discharges in the bifrontal region (Fig. 3). This bore
some resemblance to "burst suppression" patterns,
but the background activity was not truly
suppressed.
No consistent changes were observed with dialy-
sis: some patients improved, but most became a little
worse 1123, 24]. On repetitive photic flash stimulation
myoclonic jerks or repetitive EEG spikes did not
correlate with the flashing of the lamp.
Radionucleide studies. Brain scans after an injec-
tion of technetium-99m and simultaneous flow stud-
ies were normal. Cisternography, however, dis-
closed marked deviations from normal patterns.
In normal persons, radio-iodinated serum albumin
(RISA) injected into lumbar subarachnoid space fills
the basal cisterns within one hour and ascends over
the cortical surface in six to eight hours. Within 24 hr
the radioactivity is present in the parasagittal granu-
lations (parasagittal strip), and by 36 hr it clears the
cerebrospinal fluid. RISA does not normally enter
the ventricular system, because the cerebrospinal
fluid flows from the ventricles to the outside [25, 261.
The patients with dialysis dementia, by contrast,
demonstrated definite abnormalities (Table 1). The
RISA refluxed into the ventricular system and per-
sisted for 72 hr or even longer. The ascent of the
RISA over the cortex was poor, and the appearance
of the parasagittal strip was delayed or even absent
(Fig. 4). In one patient the clearance of RISA from
the cerebrospinal fluid was delayed for longer than 96
hr. One patient was studied twice and had concur-
rent deterioration in the clinical, EEG, and cisterno-
graphic changes over a period of four months. The
Table 1. Cisternography
Appearance
RISM Ascent over of
ventricular cerebral parasagittal
reflux and cortexb stripb Disappearance of
Patient no. stasis hr hr hr radioactivity hr
1 36 24 72 Persisted 72
2 72 48 Faint Persisted 72
3 48 24 72
(faint)
Very slow 72
4 48 24 72 72
5: Jan 1974 48 48 — 48
May 1975 72 — — Persisted 72
6 72 Poor 96
(faint)
Persisted 96
Radio-iodinated serum albumin
b Dashes denote absence.
*
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Fig. 2. EEG of patient no. 1, showing generalized slow basic rhythm with anterior biphasic or
triphasic spikes.
first cisternogram showed reflux and stasis lasting for
up to 48 hr (Fig. 5). Later, the reflux increased, and
the stasis continued up to 72hr (Fig. 6). By this time,
the EEG was markedly abnormal.
Discussion
Neurologic disturbances in patients with renal dis-
ease may result from uremia [27, 28] or from compli-
cations of dialysis such as osmotic or pH disequil-
ibrium, electrolyte disturbances, depletion of
water-soluble vitamins and metabolites [5—7], and
accumulation of heavy metals or plasticizers. Hepar-
inization predisposes to subdural hematomas [291;
the metabolic effect of glucose and acetate may re-
suit in hyperlipidemia, atherosclerosis, and strokes
[30, 31]; and the patients are also subject to depres-
sion and psychologic stress. All these possibilities
must be ruled out before the diagnosis of dialysis
dementia is entertained,
The clinical picture of dialysis dementia is usually
characteristic and is dominated by severe mental
disorganization and apraxia. Speech disturbances,
myoclonus, and facial grimacing constitute the other
neurological findings, while the reflexes and muscle
tone are variable and tend to fluctuate. These
changes suggest diffuse cortical or subcortical dys-
function of the frontal, temporal, and parietal lobes.
The cause of dialysis dementia remains unknown,
and the available evidence does not substantiate any
of the etiological speculations [8—18]. All our
patients were well-dialyzed and had received ade-
quate diets and vitamin supplementation. They had
no evidence of hypoglycemia, hypophosphatemia
(average serum phosphorus, 6 mg/ 100 ml), or hyper-
calcemia (average serum calcium, 10 mg/100 ml), and
no unusual drug history. Blood mercury and lead
concentrations were normal. Although all our
patients had hypertensive nephrosclerosis, hyperten-
sion is not a uniform finding in other reports of
patients with dialysis dementia. Other investigators
have tended to blame rubidium depletion [1], alumi-
num intoxication [141, phosphate depletion [15], and
even slow virus infection, but injection of brain tis-
sue of dementia patients into primates has produced
no adverse effects over 3¼ yr of observation [14].
Diazepam and pentazocin have been blamed for din-
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Fig. 3. EEG of patient no. 3 (a paper speed of 30 mm/sec), showing slow rhythm and
resemblance to "burst suppression" pattern.
ical and EEG abnormalities similar to dialysis
dementia [17]. Others, however, have thought that
dialysis dementia was a seizure disorder and have
advocated diazepam as treatment [181—but our clin-
ical experience and EEG studies do not substantiate
this view. A recent report of improvement following
subtotal parathyroidectomy has led to the suggestion
that dialysis dementia is related to secondary hyper-
parathyroidism and elevated brain calcium levels, but
hyperparathyroidism is almost universal in dialysis
patients. Moreover, one of our patients developed
dementia one year after subtotal parathyroidectomy.
Elect roencephaigrap hic studies. The EEG
changes in dialysis dementia are similar to those seen
in other metabolic diseases such as untreated ure-
mia, hepatic encephalopathy, and hypercapnia. They
consist primarily of diffuse high amplitude slow
waves with bifrontal predominance, together with
occasional bifrontal negative spikes or triphasic
waves. The bilateral symmetry of the abnormality
suggests a central origin of the discharges rather than
a localized lesion; and the EEG pattern indicates
involvement of the brain-stem arousal mechanisms,
with projection to the bifrontal cortical areas. The
progressive dropout of normal alpha activity sug-
gests an eventual cerebral cortical disturbance as
well. Except in the patient with an old cerebral
infarction, there was no evidence of focal brain dis-
charges. Diffuse projection systems from the brain
stem reticular formation through thalamo-cortical
50
12
13
JAVJ&JVPV
Fig. 4. Radio-iodinated serum albumin (RISA) cisternogram ofpatient no. I, showing poor cortical ascent, ventricular reflux (R) and stasis
up to 72 hr. Parasagittal strip (PS) appeared at 72 hr.
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Fig. 5. Radio-iodinated serum albumin (RISA) cisternogram of patient no. 5 early in dementia, showing poor cortical ascent ventricular
reflux (R) and stasis up to 48 hr. Fig. 6. (p. 313) Radio-iodinated serum albumin (RISA) cisternogram of patient no. 5 four months later.
RISA reflux (R) in lateral ventricles has increased. Stasis is prolonged to 72 hr. No parasagittal strip is present.
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pathways are likely to be involved, creating general-
ized dysfunction with maximal involvement of fron-
tal, parietal, and temporal lobes. Such diffuse
involvement could result from toxic or metabolic
injury, or from pressure on paraventricular neural
tissue, such as that seen in other states of altered
CSF dynamics [32].
Cerebrospinal fluid dynamics. In normal subjects,
the CSF is actively secreted by the choroid plexus
into the lateral ventricles (at a uniform rate of 0.37
0.1 mI/mm), escapes onto the surface of the spinal
cord through the foramina of Luschka and Magen-
die, then flows onto the cortical surface of the brain,
and is absorbed by the arachnoid granulations by
bulk flow. Various clinical states may increase the
CSF pressure, and this bears relevance to the treat-
ment of renal failure. Sitprija and Holmes found
acute elevations of CSF pressure in humans and
experimental animals during acute hemodialysis
[331; others have reported inconstant changes in the
disequilibrium syndrome [2311; but no data is availa-
ble on possible cumulative effects in chronic mainte-
nance dialysis patients. In the dementia patients in-
cluded here, the manometric CSF pressures were
normal. The cisternographic studies, however, sug-
gest abnormal dynamics of the CSF circulation and
absorption, and the differential diagnosis of such
abnormalities in patients with neurologic disease in-
cludes generalized or local cerebral atrophy (hydro-
cephalus ex vacuo) and communicating or non-com-
municating hydrocephalus.
A variety of degenerative diseases of the brain
(senile and presenile dementia, Alzheimer disease,
Pick's disease, Jacob-Creutzfeld disease, and pro-
gressive subcortical gliosis) cause cortical atrophy
with a compensatory increase in the volume of CSF
in the subarachnoid space and ventricular system. In
these states, the clinical manifestations vary from
mild intellectual impairment to a global neurologic
deficit with seizures, the EEGs show slow waves and
paroxymal spikes, and RISA cisternography demon-
strates increased CSF volume, transient ventricular
reflux, a well-formed parasagittal strip, and only min-
imal delay in clearance, while the pneumoencephalo-
gram shows ventricular dilatation, marked thinning
of cortex, and flattening of the gin. Localized atro-
phy results in the formation of areas of CSF accumu-
lation (puddling). The absorptive sequence of the
cisternogram is normal, and there is no ventricular
reflux [34—35]. Hydrocephalus ex vacuo does not
respond to shunting; and its clinical and cysterno-
graphic findings do not resemble dialysis dementia.
The other condition to be considered in the differ-
ential diagnosis is hydrocephalus. This may result
from an obstruction anywhere between the secretive
and absorptive sites of the CSF. In non-communicat-
ing hydrocephalus, the block is at or proximal to the
foramina of Luschka and Magendie, so that the lat-
eral ventricles do not communicate with the sub-
arachnoid space. Dilatation of the ventricles can be
demonstrated by computerized axial tomography,
but neither injected air nor RISA can enter the ven-
tricular system. By contrast, anatomical continuity is
maintained in the communicating type of hydroceph-
alus, and here, autoradiographic studies have shown
the CSF to take a retrograde path and enter the
lateral ventricles to be absorbed by transependymal
migration or by the choroid plexus. With enhanced
absorption in the lateral ventricles and ventricular
dilatation, the CSF pressure may later become nor-
mal, but the continuing increased pressure gradient
between the ventricles and the brain persists and
causes ischemia, white matter degeneration, glial
proliferation, and neuronal dropout—with ensuing
neurologic manifestations. This syndrome, clinically
identified as normal pressure hydrocephalus, results
from any pathologic process obliterating the sub-
arachnoid space by fibrosis or inflammation [34, 35].
In normal pressure hydrocephalus, the ventricles
are dilated, and an abnormal CSF flow pattern can be
demonstrated by cysternography. The injected
radiopharmaceutical refluxes into the lateral ventri-
cles and persists there for 24 to 48 hr. The normally
expected ascent over the cortical convexities is ab-
sent, or if the block occurs distally at the arachnoid
granulations, the ascent will be delayed and accom-
panied by a late parasagittal strip [35, 36]. Diagnosis
is made most directly by the CSF infusion test,
which provides a direct measurement of CSF ab-
sorptive capacity [37]. The test, however, requires a
cooperative patient, and a variety of technical prob-
lems may cause unreliable results. Moreover, there
is excellent correlation between a technically satis-
factory infusion test and the presence of RISA reflux
at 48 hr [371. Such reflux was present in our demen-
tia patients. The ascent of radioactivity over the
cortex and the presence of a delayed parasagittal
strip indicate that if these patients were to have had
normal pressure hydrocephalus, the site of the block
would have to have been distal. Against the diagno-
sis of normal pressure hydrocephalus, however, was
the finding that the pneumoencephalographic criteria
[38] were not fulfilled. Our patients had only mild
ventricular dilatation, there was escape of air over
the cerebral convexities, and the callosal angle was
maintained. Other differences were clinical and elec-
troencephalographic, since unlike normal pressure
hydrocephalus, our patients had a more rapidly pro-
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gressive course, no ataxia, incontinence, or cerebel-
lar signs, and EEG changes that were universal and
profound.
On the basis of these differences, it is difficult to
label our patients as having normal pressure hydro-
cephalus. The CSF flow dynamics, however, are
abnormal, and this may be the result of an absorptive
defect at a distal site. Whether such a defect is the
cause or an accompaniment of dialysis dementia is at
present unclear. But the recent report of clinical and
electroencephalographic improvement following
ventriculo-subclavian shunting in a patient with
dialysis dementia and cisternographic abnormalities
similar to those described above suggests that these
abnormalities could be causally related to dialysis
dementia [39].
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